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Abstract

Growing evidence has shown that Transmembrane Serine Protease 2 (TMPRSS2) not
only contributes to the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection, but is also closely associated with the incidence and progression of
tumours. However, the correlation of coronavirus disease (COVID-19) and cancers,
and the prognostic value and molecular function of TMPRSS2 in various cancers have
not been fully understood. In this study, the expression, genetic variations, correlated
genes, immune infiltration and prognostic value of TMPRSS2 were analysed in many
cancers using different bioinformatics platforms. The observed findings revealed that
the expression of TMPRSS2 was considerably decreased in many tumour tissues. In
the prognostic analysis, the expression of TMPRSS2 was considerably linked with the
clinical consequences of the brain, blood, colorectal, breast, ovarian, lung and soft tis-
sue cancer. In protein network analysis, we determined 27 proteins as protein partners
of TMPRSS2, which can regulate the progression and prognosis of cancer mediated by
TMPRSS2. Besides, a high level of TMPRSS2 was linked with immune cell infiltration
in various cancers. Furthermore, according to the pathway analysis of differently ex-
pressed genes (DEGs) with TMPRSS2 in lung, breast, ovarian and colorectal cancer,
160 DEGs genes were found and were significantly enriched in respiratory system
infection and tumour progression pathways. In conclusion, the findings of this study
demonstrate that TMPRSS2 may be an effective biomarker and therapeutic target in
various cancers in humans, and may also provide new directions for specific tumour
patients to prevent SARS-CoV-2 infection during the COVID-19 outbreak.
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1 | INTRODUCTION

Cancer is considered the most serious and prevalent disease in
human beings around the world. The morbidity and mortality rate of
cancer is the highest in the world. The 2020 cancer report estimates
19.3 million new cancer cases and 10.0 million cancer-associated
deaths.! Owing to the increasing and ageing world population, the
global cancer burden is expected to be 22.2 and 28.4 million new
cases in 2030 and 2040, respectively, as depicted by the current
trends.? In recent years, great efforts have been made for can-
cer prevention, screening, early detection, standardized treatment
and regular follow-up, however, the world still bears a large tumour
burden due to the unclear pathogenesis of most tumours and the
unavailability of potential biomarkers.? It is crucial to extensively ex-
plore the pathogenesis of tumours and effective screening markers
can be exploited as therapeutic targets.

Since the first case of severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) infections occurred in December 2019, the
number of global coronavirus disease (COVID-19) cases is still steadily
increasing. As of 1 November 2021, the global COVID-19 pandemic has
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led to 246,929,884 confirmed cases and 5,003,404 deaths over 188
countries/regions across the world.* Clear evidence exists that patients
with co-morbidities are more susceptible to the COVID-19, and are
more likely to manifest complications and mortality after infection.>®
During the epidemic period, due to ageing, decreased immunity, delay
in diagnosis, treatment and follow-up, surgery, radiotherapy and che-
motherapy and tumour-related multiple co-morbidities, cancer has
been identified as an individual risk factor for COVID-19.5 A cohort
study from China showed that the overall prevalence of COVID-19 in
cancer patients was considerably elevated than the overall incidence in
the general population (1% vs. 0.29%).1%! In addition, various studies
have reported that cancer patients are more likely to have serious clini-
cal outcomes after suffering from COVID-19.”1%121 This might provide
a clue that pays attention to the internal relationship between tumour
and COVID-19, which can lead to the preventing as well as controlling
of COVID-19 in cancer patients.

Transmembrane Serine Protease 2 (TMPRSS2) is a multifunctional
encoding gene and is considered one of the members of the serine
protease family. TMPRSS2 contains four domains, that is, protease

domain, type |l transmembrane domain, receptor class A domain and
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FIGURE 1 Expression pattern of TMPRSS2 mRNA in many cancers by Oncomine, UALCAN and GEPIA databases. (A) The expression
pattern of TMPRSS2 mRNA in various cancers was searched in the Oncomine database. The underlined graphic was generated from the
Oncomine database, revealing the number of datasets (p < 0.01) mRNA over (red) or under expression (blue) of TMPRSS2 (tumour tissue vs.
corresponding normal tissue). The threshold was considered with the underlined parameters: p and fold-change were equal to 0.001 and 1.5,
respectively, and the data type was mRNA. (B) The expression of TMPRSS2 mRNA in many cancers was searched in the UALCAN database.
Boxes represent the median and the 25th and 75th percentiles; green and red boxes indicate normal and tumour tissues respectively. (C)
The expression level of TMPRSS2 mRNA in many cancers was searched in the TIMER database. Boxes indicate the median and the 25th and
75th percentiles; blue and red boxes indicate normal and tumour tissues respectively. Blue and red dashed lines indicate the average value of
normal and tumour tissues respectively. *p = 0.05, **p = 0.01, ***p = 0.001
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scavenger receptor cysteine-rich domain.> Among them, the serine
protease domain of the underlined protease cleaves, followed by se-
creting into the cell culture medium after being autocleavage. Thus, it
participates in viruses in host cell processes.!>!® TMPRSS2 has been
reported for its contribution to the process of human influenza vi-
ruses, coronaviruses including SARS-CoV, SARS-CoV-2, Middle East
respiratory syndrome coronavirus (MERS-CoV) and human coronavi-
rus 229E (HCoV-229E) and entering host cells.”*® Currently, modu-
lating the expression or activity of TMPRSS2 is considered a potential
intervention against human influenza viruses and coronaviruses in-
cluding COVID-19.* On the other hand, multiple studies revealed
that the expression of TMPRSS2 was found to be considerably down-
regulated in tumour tissues compared to non-tumorous ones, and ab-
normal expression of TMPRSS2 was closely related to tumour growth,
invasion, metastasis and prognosis in various cancers, especially pros-
tate cancer.’?° More importantly, the Inhibition of TMPRSS2 expres-
sion can reduce prostate or head and neck cancer cell invasion and
metastasis, and reduce human lung Calu-3 cells infection with SARS-
CoV-2.2122 |n addition, the TMPRSS2 knockout mouse model in the
cancer study showed that TMPRSS2 inhibition is safe and effective
for molecular therapy of tumours with few on-target side effects.”®
Therefore, a systematic and in-depth investigation of the function of
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TMPRSS2 in multiple tumours and COVID-19 could pave the way for
precision medicine and TMPRSS2-targeted strategies.

Herein, to investigate the potential relationship between tu-
mours and COVID-19, and assess the expression level of TMPRSS2
and its prognostic value in different carcinomas, we systematically
studied the expression of TMPRSS2 and its medical consequences
in different types of carcinomas while employing multiple recog-
nized online network databases. Furthermore, we examined the
co-altered genes with TMPRSS2 for common cancer types and per-
formed functional enrichment analysis. Therefore, the analyses may
provide the potential value of TMPRSS2 expression for the survival
of patients associated with cancer, and give potential direction to

prevent COVID-19 pandemic for specific tumour patients.

2 | MATERIALS AND METHODS

2.1 | Analyses of Oncomine dataset

In this study, a public web-based microarray database Oncomine
(www.oncomine.org) was employed for the analysis of the
TMPRSS2 transcription levels in cancerous specimens followed by
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FIGURE 2 TMPRSS2 promoter methylation in various cancers using the UALCAN database. The methylation levels of TMPRSS2 promoter
in BRCA, CESC, ESCA, HNSC, KIRC, KIRP and UCEC were considerably elevated than that in normal tissue. On the contrary, the methylation
levels of TMPRSS2 promoter in COAD, PRAD, READ and TGCT were slightly reduced relative to that in normal tissue. Boxes indicate the
median and the 25th and 75th percentiles; green and red boxes show normal and tumour tissues respectively. Green and red dashed lines
indicate the average value of all normal and tumour tissues respectively. **p = 0.001, ***p = 0.001
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FIGURE 3 Frequency of mutations, CNAs and expression in many cancers obtained from cBioPortal web. (A) TMPRSS2 was only altered

in 371 (3%) of 10,953 queried patients in 371 (3%) of 10,967 queried samples. (B) Total 329 mutations were found within amino acids 1 to 492

of TMPRSS2. Among them, there are 7 missense mutation sites, 19 truncating sites, 11 inframe mutation sites and 242 fusion mutation sites
respectively. Mutation sites were found in a hotspot in SRCR_2 and trypsin domains. (C) In 29 cancer studies, the expression of TMPRSS2 mRNA
(RNA Seq V2) was generated from the cBioPortal web. The x-axis has been categorized based on cancer type and y-axis indicates the expression
level of BMP5 mRNA. The expression frequency revealed fusions (violet), missense mutations (green), no mutations (blue) and truncating (deep
blue). (D) Among the 32 datasets, the percentage of TMPRSS2 alteration frequency varied from 0% to 42.7% in many cancers. The highest
alteration frequency was found in prostate cancer (42.7%), whereas other types of tumours all exhibited very low mutation alteration (<10%)
among all of the query cancer samples. The alteration frequency revealed fusions (violet), mutations (green) and multiple
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FIGURE 4 The effect of TMPRSS2 gene mutation on the expression of the five most significant genes in melanoma and uterine cancer
obtained from muTarget database. Histogram of the effect of TMPRSS2 gene mutation on the expression of (A) DDX11 in melanoma, (B)
NOMO1 in melanoma, (C) PDIA5 in melanoma, (D) PIGT in melanoma, (E) VKORC1 in melanoma, (F) CLPP in uterine cancer, (G) CTU2 in uterine
cancer, (H) EMC8 in uterine cancer, (I) LONP1 in uterine cancer and (J) TUBG1 in uterine cancer. Boxes indicate the median and the 25th and
75th percentiles. Green and red boxes indicate wild and mutant tissues. Green and red dashed lines indicate the average value of wild and

mutant tissues respectively

comparing the obtained results with the healthy specimens (con-
trols).?* The thresholds were restricted in the following manner:
fold-change = 1.5; p = 0.001; data type: mRNA.

2.2 | Analysis of GEPIA dataset

Gene Expression Profiling Interactive Analysis (GEPIA) (http://
gepia.cancer-pku.cn) offers significant interactive and customiz-
able tasks, such as profile plotting, differential expression analysis,
correlation analysis, estimating RNA sequencing expression data
based on 8587 healthy and 9736 cancer samples in Genotype-
Tissue Expression (GTEx) and TCGA projects.?> We used GEPIA to
verify the differences in TMPRSS2 gene expression in both healthy
and different types of cancer tissues. In addition, profile plotting
based on cancer pathological stage or type of cancer, survival rate
of patient, similar gene detection, correlation analyses and di-
mensionality reduction analysis can be carried out via the GEPIA
dataset.

2.3 | UALCAN database analysis

UALCAN (http: //ualcan. path.uab.edu/index.html) is a user-friendly
integrated data-mining platform and is used for the extensive analy-
sis of data obtained from cancer OMICS.? It is built on PERL-CGI
and can also be employed for gene expression analysis, methylation
of promoter, prognosis and correlation. In this study, the UALCAN
database was employed for analysing the expression pattern and
promoter methylation profiling of TMPRSS2 mRNA.

2.4 | cBioPortal dataset and muTarget
database analysis

TCGA (cancergenome.nih.gov/) is a comprehensive database, which
has both sequencing and pathological data of 30 various forms of
carcinomas. For cancer genomics, cBioPortal (http://www.cbiop
ortal.org/) is an open-access platform, which can be utilized for
the multi-functional visualization of complex cancer genomics,
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co-localization, co-expression, genetic and physical interactions, cascades and shared protein domains (predicted). (B) Predicted functional
partners of TMPRSS2 generated from STRING. Circles revealed indicating nodes. Predicted functional partners are indicating post
considering physical and functional associations. (C) The alteration frequency of 27 partners gene signature using cBioPortal web. The
highest alteration frequency was observed in lung squamous carcinoma (>30%). Green depicts the mutations in alteration frequency,

while violet, red, deep blue and grey colours depict fusions, amplifications, deep deletions and multiple alterations respectively. (D) The
enrichment analysis of 27 partners gene signature. The obtained results revealed that the underlined genes are largely enriched in PID AR TF
and PID HNF3A pathways, transcriptional misregulation in cancer, regulation of hormone levels, signalling by nuclear receptors, regulation of

growth and positive regulation of hydrolase activity (p < 0.05)

integrative analysis and clinical profiling.27 We employed cBioPortal
to evaluate the TMPRSS2 alterations frequency, mRNA expression z-
scores (RNA Seq V2 RSEM) and copy number variance via subtypes
of each carcinoma from the TCGA PanCanAtlas dataset. To fur-
ther clarify the relationship between TMPRSS2 gene mutation and
protein expression, we used the muTarget database (https://www.
mutarget.com/) to analyse the effect of TMPRSS2 gene mutation on
protein expression levels in different tumour types. The cut-off p-

value was regarded as <0.01.28

2.5 | TIMER analysis

TIMER (https://cistrome.shinyapps.io/timer/) database was em-
ployed to validate the TMPRSS2 expression level in different form

of carcinomas,?’ followed by estimating the Spearman's correlation
analysis between the TMPRSS2 expression levels and six immune in-
filtrates, such as CD8+ T cells, CD4+ T cells, B cells, macrophages,
dendritic cells (DCs) and neutrophils obtained from four common
carcinomas. The expression scatter plots were formed between a
pair of user-defined genes in a given cancer type by using a correla-
tion module, followed by revealing the level of gene expression via
log2 RSEM.

2.6 | PrognoScan database analysis

An online database PrognoScan (http://dna00.bio.kyutech.ac.jp/
PrognoScan/) provides a platform to assess effective tumour bio-
markers and their significant therapeutic targets.’° PrognoScan
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FIGURE 6 Association between the expression level of TMPRSS2 and prognosis in four common kinds of cancers, that is, lung, breast,
ovarian and colorectal cancer by PrognoScan database. The survival curve comparing patients with an elevated (red) and reduced (blue)
expression in the breast (A), colorectal (B), lung (C) and ovarian cancer (D) that were retrieved from the PrognoScan database. Survival curve
analysis was carried out by threshold Cox p < 0.05. The dotted lines indicate maximum and minimum values of the survival average

was employed for exploring the correlation between the TMPRSS2
expression and survival rate of patients in different carcinomas.
According to the obtained results, the threshold was found to be
Cox p < 0.05.

2.7 | The Kaplan-Meier plotter analysis

A web-based online database Kaplan-Meier plotter (www.kmplot.
com) is used to study prognostic implications of genes in various
forms of carcinoma. The underlined database comprised data, as-
sociated with the rate of survival and gene expression in 7461 sam-
ples, obtained from 21 different types of tumour.3! We employed
this database for the validation of the TMPRSS2 prognostic value
in different types of cancers, with an HR with 95% CI and log-rank
p-value.

2.8 | Protein-Protein interaction analysis

An online interface GeneMANIA (https://genemania.org/) is a user-
friendly data mining platform. It can be used for the generation of genes
correlated to a set of input genes, based on protein and genetic inter-
actions, pathways, co-localization, co-expression and protein domain
similarity.32 STRING (https://string-db.org/) is associated with protein-
protein interactions.®® Herein, we employed both the GeneMANIA
and STRING servers to explore the related genes of TMPRSS2.

2.9 | Co-expressed and pathway analysis
The R2: Genomics Analysis and Visualization Platform-V-3.2.0
(https://hgserverl.amc.nl/) was employed for the integrative

analysis of the positively and negatively co-expressed genes of
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TMPRSS2 in TCGA dataset of four different forms of carcinomas,
that is, colorectal, breast, lung and ovarian, and the cut-off p-value
was regarded as <0.01. The co-expressed genes in the four com-
mon tumours are obtained through the intersection of the Venn di-
agram. Then, we used the React me tool (https://reactome.org/) to
explore pathways shared by TMPRSS2-correlated genes and sub-
sequently categorized them according to their KEGG pathway.?*

3 | RESULTS

31 |
cancers

The expression level of TMPRSS2in many

Databases including Oncomine and TCGA were employed for the
evaluation of TMPRSS2 differential expression patterns in many
kinds of cancer by UALCAN and GEPIA. The results obtained from
the Oncomine database indicated that relative to normal tissues, the
expression level of TMPRSS2 was reduced in many tumour tissues
and cancers including breast, bladder, gastric, colorectal, lung, kid-
ney, prostate, ovarian and sarcoma cancer. There is only one data-
set study that shows an elevated expression of TMPRSS2 in breast,
kidney and liver cancer, respectively, as depicted in Figure 1A.
The UALCAN, TIMER and GEPIA were used to further explore the
TMPRSS2 expression in various cancers. The results of the UALCAN
and TIMER databases indicated that the expression of TMPRSS2
was decreased in many kinds of cancer, that is, colon adenocarci-
noma (COAD), head and neck squamous cell carcinoma (HNSC),
breast invasive carcinoma (BRCA), kidney renal papillary cell carci-
noma (KIRP), oesophageal carcinoma (ESCA), lung adenocarcinoma
(LUAD), kidney renal clear cell carcinoma (KIRC), rectum adenocarci-
noma (READ), liver hepatocellular carcinoma (LIHC), sarcoma (SAEC),
lung squamous cell carcinoma (LUSC), thyroid carcinoma (THCA),
skin cutaneous melanoma (SKCM), stomach adenocarcinoma (STAD)
and thymoma (THYM). However, elevated expression of TMPRSS2
was reported in bladder urothelial carcinoma (BLCA), cervical squa-
mous cell carcinoma and endocervical adenocarcinoma (CESC),
cholangiocarcinoma (CHOL), glioblastoma multiforme (GBM), kidney
chromophobe (KICH), pancreatic adenocarcinoma (PAAD), prostate
adenocarcinoma (PRAD) and uterine corpus endometrial carcinoma
(UCEC; Figure 1B,C, Figure S1). The results of the GEPIA database
are similar to the results of Oncomine, suggesting that the expres-
sion of TMPRSS2 was considerably reduced in COAD, KICH, BRCA,
HNSC, KIRP, LUAD, KIRC, LUSC and LIHC tumour tissues, however,
TMPRSS2 expression was considerably elevated in the UCEC, as de-
picted in Figure S2.

3.2 | TMPRSS2 promoter methylation in
many cancers

Due to the lower expression of TMPRSS2 in a variety of tumour
tissues, we evaluated the gene promoter of TMPRSS2. UALCAN

database was used to verify the level of methylation of TMPRSS2
promoter in various cancers. The results of the UALCAN data-
base showed that the methylation levels of TMPRSS2 promoter
in BRCA, CESC, ESCA, HNSC, KIRC, KIRP and UCEC were con-
siderably elevated relative to that in normal tissue, as depicted in
Figure 2. In contrast, the methylation levels of TMPRSS2 promoter
in COAD, PRAD, READ and testicular germ cell tumours (TGCT)
were relatively decreased than those in normal tissue. TMPRSS2
promoter methylation level was negatively correlated with gene
expression level, it is indicated that TMPRSS2 promoter hyper-
methylation in various cancers may trigger itself and elevates its
level accordingly.

3.3 | TMPRSS2 genetic variation in various cancers
The gene mutations of TMPRSS2 were explored in 32 common
types of the tumour by the TCGA PanCancer Atlas database,
mainly including mutation and copy number mutation. As showed
in Figure 3, TMPRSS2 was only altered in 371 (3%) of 10,953 queried
patients and 371 (3%) of 10,967 queried samples. Total 329 muta-
tions were present within amino acids 1 to 492aa of TMPRSS2.
Among them, there are 7 missense mutation sites, 19 truncating
sites, 11 inframe mutation sites and 242 fusion mutation sites re-
spectively. Mutation sites were located in a hotspot in SRCR_2
and trypsin domains. Among the 32 datasets, the percentage of
TMPRSS2 alteration frequency varied from 0% to 42.7% in various
cancers. The highest alteration frequency was found in prostate
cancer (42.7%), whereas other types of tumours exhibited very low
mutation alteration (<10%) among all of the query cancer samples.
In addition, our research found that the gene mutation of TMPRSS2
cannot cause changes in its own expression, but it can lead to the
differential expression of multiple genes in melanoma and uterine
cancer. The most significant differences in melanoma are NOMO1,
PIGT, VKORC1, PDIA5 and DDX11, and the most significant differ-
ences in uterine cancer are CTU2, EMC8, TUBG1, CLPP and LONP1.
The details are shown in Figure 4. The mutation frequency of the
TMPRSS2 gene is not high in most tumour types, suggesting that the
mutation of the TMPRSS2 gene itself may have little effect on the
TMPRSS2 gene function.

3.4 | TMPRSS2 gene and protein partners in
various cancers

GeneMANIA web was used for the prediction of the functionally
similar genes including TMPRSS2, which accumulates data on co-
localization, co-expression, genetic interactions, involved cascades,
prediction of physical interactions and shared protein domains, as
depicted in Figure 5A. The predicted functionally similar genes of
TMPRSS2 were KDM3A, POU2F1, SLC37A1, Clorf116, SLC44A4,
RASEF, TRPM4, ACPP, KLK4, KLK3, KLK2, PDE9A, CX3CL1, NGF,
EMX2, AR, ALDOB, RBM47, KCNK5 and SLC45A3. At the same time,
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FIGURE 7 Confirmation of the association between the expression level of TMPRSS2 and prognosis in many cancer patients by Kaplan-
Meier plotter database. The survival curve comparing patients with an elevated (red) and reduced (blue) expression in bladder carcinoma
(A\), breast carcinoma (B), head-neck squamous cell carcinoma (C), kidney renal papillary cell carcinoma (D), liver hepatocellular carcinoma
(E), lung adenocarcinoma (F), ovarian cancer (G), rectum adenocarcinoma (H), sarcoma (I), stomach adenocarcinoma (J), thymoma (K) and
uterine corpus endometrial carcinoma (L) were retrieved from the Kaplan-Meier plotter database. Survival curve analysis was performed by
threshold Cox p < 0.05. The dotted lines indicate maximum and minimum values of the survival average

the protein-protein interaction network of the TMPRSS2 was pre-
dicted by the STRING database (Figure 5C). It was found that 11
proteins interacted with TMPRSS2 proteins. The predicted protein
partners of TMPRSS2 were FKBP5, AR, NKX3-1, TMPRSS4, ETV1,
ERG, SLC45A3, PTEN, ETV4 and FAM3B. Hence, 27 predicted genes
and proteins associated with TMPRSS2 might have a role in regu-
lating cancer development (mediated by TMPRSS2) and prognosis.
The mutations and copy number alterations (CNAs) were analysed
in the 27 predicted-associated genes of TMPRSS2 via the cBioPortal
database. There was an alteration in queried genes of 3225 (38%)
out of 10,953 queried patients. The highest alteration frequency was
observed in lung squamous carcinoma (>30%), while the lowest al-
teration (<10%) was observed in colorectal cancer among all of the
query cancer samples, as depicted in Figure 5B. Enrichment analy-
sis revealed that the underlined genes were commonly enriched in
PID AR TF and PID HNF3A pathways, transcriptional misregulation in
cancer, regulation of hormone levels, signalling by nuclear receptors,

regulation of growth and positive regulation of hydrolase activity, as

depicted in Figure 5D.

3.5 | Prognostic analysis of TMPRSS2 in
many cancers

We explored the prognostic value of TMPRSS2 mRNA expression
in many types of cancers by PrognoScan and Kaplan-Meier plot-
ter databases. The PrognoScan database results revealed that the
TMPRSS2 expression level was considerably linked with the prognosis
of brain, blood, colorectal, breast, ovarian, lung and soft tissue can-
cer. In breast cancer, GSE9893, GSE7390, GSE12276 and GSE6532
datasets revealed that the patients with up-regulated TMPRSS2 ex-
pression had significantly poor overall survival (OS), relapse-free
survival (RFS) and distant metastasis-free survival (DMFS) com-
pared to patients with lower TMPRSS2 expression (Figure 6A and
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TABLE 2 Confirmation of the relationship between TMPRSS2 expression and prognosis in various cancer patients (Kaplan-Meier plotter

database)
(O PFS
n p HR 95% Cl p HR 95% CI
Bladder carcinoma 405 0.0297 0.72 0.54-0.97 0.0895 0.55 0.27-1.11
Breast cancer 1090 0.0047 1.59 1.15-2.19 0.1543 0.73 0.48-1.13
Cervical squamous cell carcinoma 304 0.4036 0.82 0.51-1.32 0.155 1.75 0.80-3.81
Oesophageal adenocarcinoma 80 0.3012 0.7 0.36-1.37 0.0826 0.21 0.03-1.48
Oesophageal squamous cell carcinoma 81 0.2081 0.6 0.27-1.34 0.1914 0.44 0.13-1.55
Head-neck squamous cell carcinoma 500 0.0098 0.67 0.49-0.91 0.263 0.65 0.31-1.38
Kidney renal clear cell carcinoma 530 0.2005 1.23 0.90-1.67 0.0902 0.42 0.15-1.18
Kidney renal papillary cell carcinoma 288 0.0188 0.49 0.27-0.90 0.1444 1.75 0.82-3.74
Liver hepatocellular carcinoma 371 0.0321 0.67 0.46-0.97 0.0144 0.65 0.46-0.92
Lung adenocarcinoma 513 0.0002 0.58 0.44-0.78 0.2405 0.78 0.51-1.18
Lung squamous cell carcinoma 501 0.2355 1.18 0.9-1.55 0.4403 0.82 0.50-1.36
Ovarian cancer 374 0.0118 1.48 1.09-2.02 0.022 0.65 0.44-0.94
Pancreatic ductal adenocarcinoma 177 0.1197 1.52 0.89-2.59 0.1001 2.28 0.83-6.25
Pheochromocytoma and paraganglioma 178 0.28 2.56 0.44-14.88 0.0503 0 0-Inf
Rectum adenocarcinoma 165 0.0433 2.2 1-4.84 0.4488 0.54 0.1-2.75
Sarcoma 259 0.0051 1.8 1.19-2.73 0.3045 1.32 0.78-2.23
Stomach adenocarcinoma 375 0.0218 0.66 0.47-0.94 0.0422 0.51 0.27-0.99
Testicular germ cell tumour 134 0.168 4.33 0.45-42.02 0.0167 3.91 1.17-13.02
Thymoma 119 0.0246 0.18 0.03-0.93 - - -
Thyroid carcinoma 502 0.155 242 0.69-8.51 0.1234 0.55 0.25-1.19
Uterine corpus endometrial carcinoma 543 0.0002 0.46 0.31-0.70 0.0503 0.59 0.35-1.01

Abbreviations: 95% Cl, confidence interval; HR, hazard rate; OS, overall survival; PFS, progression-free survival.

Table 1). The opposing results were found in colorectal cancer data-
sets. The GSE17536, GSE14333 and GSE17536 datasets revealed
that the patient's group with an elevated level of TMPRSS2 mRNA
expression had significantly better OS and disease-free survival
(DFS) than the low expression group (Figure 6B and Table 1).
Analysis of GSE31210 and GSE13213 datasets of PrognoScan re-
vealed considerably poor OS and RFS of lung cancer patients in the
down-regulated TMPRSS2 mRNA expression group relative to their
elevated expression counterparts (Figure 6C and Table 1). High OS
and DFS ratio were shown in the low TMPRSS2 expression group of
ovarian cancer relative to the elevated expression group, according
to the DUKE-OC, GSE9891 and GSE26712 (205102_at) datasets,
while one alteration revealed by dataset GSE26712 (211689_s_at)
reversed the correlation of reduced expression with poor DFS of
ovarian cancer patients, as depicted in Figure 6D and Table 1.
Kaplan-Meier plotter database was employed to verify the
prognosis of TMPRSS2 in various types of cancer based on 7489 pa-
tient data. The obtained data indicated that an elevated expression
level of TMPRSS2 was linked with significant OS prognosis in patient
with bladder, head-neck squamous cell, kidney renal papillary cell,
liver hepatocellular, lung adeno, stomach adeno and uterine corpus
endometrial carcinoma as well as thymoma, whereas the associa-

tion of higher expression with bad DFS prognosis in patient with

breast cancer, ovarian cancer, rectum adenocarcinoma and sarcoma
(Figures 6 and 7 and Table 2). In addition, the Kaplan-Meier plot
indicated that reduced expression of TMPRSS2 has been linked with
poor RFS prognosis in liver hepatocellular carcinoma, ovarian can-
cer, pheochromocytoma, stomach adenocarcinoma, paraganglioma,
testicular germ cell tumour and uterine corpus endometrial carci-
noma (Figure S3 and Table 2).

3.6 | The expression of TMPRSS2 was associated
with the immune infiltration in many carcinomas

Due to the abnormal expression and prognostic value of TMPRSS2
in the lung, ovarian, breast and colorectal cancer, the underlined
particular types of cancer were chosen to further identify that
whether the expression level of TMPRSS2 was associated with the
level of immune infiltration via TIMER databases. The obtained
results indicated that the expression level of TMPRSS2 has a con-
siderable association with tumour purity, neutrophils, CD8+ T cell
and dendritic cell in BRCA; CD4+ T cell, B cell, DCs and neutro-
phils in COAD; B cell, macrophages, CD4+ T cell and dendritic cell
in LUAD; and tumour purity and dendritic cell in OV respectively
(Figure 8).
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and y-axis indicates the expression level of TMPRSS2 mRNA

3.7 | The association of differentially expressed
genes with the expression of TMPRSS2 in
many cancers

We further explored the potential signalling mechanism and
pathway linked with TMPRSS2 in four common types of cancers
(breast, lung, colorectal and ovarian) through the R2 platform
and Reactome tool. The results revealed that 160 differently ex-
pressed genes (DEGs) were found in four selected cancers derived
from the Venn diagram, as depicted in Figure 9A. The Reactome
diseases analysis revealed that these 160 co-expressed differ-
ential genes are considerably associated with the occurrence as
well as the development of diseases including cell cycle monitor-
ing, cell death, DNA repair, immune response, stress response
and infection (Figure 9B). In terms of infectious diseases, their
participation in respiratory infections, such as influenza, SARS-
Cov, tuberculosis and HCMV was particularly gaining attention
(Figure 9C). In addition, the Reactome pathway analysis indicated
that particularly associated genes were classified in FGFR3 point
mutants, constitutive signalling by aberrant PI3K, PI3K/AKT,
NOTCH1 PEST domain mutants, NOTCH1, FGFR3 fusions, NOTCH1
HD + PEST domain mutants and ERBB2 in cancer, as depicted in
Figure 9D.

4 | DISCUSSION
As the number of confirmed and death cases caused by COVID-19
far exceeds any viral infection in the past, it has become a global
pandemic and public health emergency of international concern.®®
Epidemiological studies have shown that the population is generally
susceptible to COVID-19, but people with a low immune function,
such as patients with cancer, diabetes, hypertension, autoimmune
diseases, chronic obstructive pulmonary disease, organ transplants
receiving anti-immune therapy, the elderly and pregnant women are
more susceptible to infection.®3® The death rate of cancer patients
infected with COVID-19 is as high as 5.6%.72143¢ Currently efforts
have been directed towards studying the early screening, isolation
measures and treatment of COVID-19, but the relationship and
mechanism between COVID-19 and cancer remain unclear.
Cumulative studies have reported that the process of SARS-
CoV-2 entering the host alveolar epithelial cells is closely related to
angiotensin-converting enzyme 2 (ACE2) and TMPRS52.1337 Among
them, TMPRSS2 is a key molecular target that enhances the invading
capacity of SARS-CoV-2, has been earmarked as candidate drug tar-
gets for interventions against the viral pathologies.'® Besides its role
in COVID-19, TMPRSS2 considerably contributes to several physio-

logical and pathological processes, included in tumour biology.”‘20 It
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was worth noting that TMPRSS2 is not only closely associated with
the occurrence and progression of prostate cancer, but also can
be used as an attractive therapeutic target.20 It has been reported
that TMPRSS2 has a key role in many kinds of cancers in vitro and
in vivo including breast,® colorectal,?’ head and neck,?? ovarian,*
stomach and lung cancer.** However, the expression and prognostic
value of TMPRSS2 in many cancers have not been clearly defined. In
this study, we evaluated the expression of TMPRSS2 that might be
responsible for the COVID-19 condition in patients with different
types of cancers. Analysis of datasets indicated that the expression
level of TMPRSS2 was considerably reduced in many tumour tissues,
relative to their normal counterparts, and the level of TMPRSS2
expression was considerably associated with the prognosis of the
brain, blood, colorectal, breast, ovarian, lung and soft tissue cancer.
Although a large number of studies on the TMPRSS2, ERG fusion
gene are considered to be new biomarkers, therapeutic targets,
diagnostic and prognostic indicators for prostate cancer, and two
recent studies have used public databases to explore the expres-
sion pattern, prognostic value and immune infiltration of TMPRSS2
in prostate cancer, but these studies are limited to prostate cancer
and cannot fully reflect all tumours. 4243 Unfortunately, neither of
the PrognoScan and Kaplan-Meier plotter databases used in our
research are involved prostate cancer data.** In the future, we will

further explore the difference between the TMPRSS2: ERG fusion
gene and the TMPRSS2 gene through basic and clinical research, as
well as the prognostic role in prostate cancer. Based on the above
conclusions, we chose four common cancer types to further inves-
tigate the expression, promoter methylation, prognosis, mutation,
protein-protein interaction analysis and immune infiltration levels
of TMPRSS2.

In the case of breast cancer, our analysis showed that TMPRSS2
had significantly low expression and low mutation frequency in tu-
mour tissues, but its promoter methylation level was significantly
increased. In addition, multiple datasets showed that patients with
up-regulated TMPRSS2 expression had significantly bad OS, RFS and
DMFS in patients with most tumour types. The underlined results

.38 revealed that

are in favour of the earlier results where Chi et a
dexmedetomidine may contribute to the regulation of the migration
of breast cancer cells by up-regulation of TMPRSS2. Meanwhile, are-
cent study pointed out that lower expression of TMPRSS2 is a prog-
nostic marker for OS and DFS in breast cancer.*® In colorectal cancer,
the results of previous studies are similar to those of our study. For
example, the study of Liu et al.*? found an elevated expression of
TMPRSS2 in colorectal tumour and normal tissue samples, relative
to other tumours, such as lung, oesophagus, stomach and liver; Bao

|46

et a revealed that the TMPRSS2 expression was considerably
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elevated in normal tissues than colorectal cancers using across sev-
eral existing databases. As for lung cancer, one single nucleus and
single-cell RNA sequencing study showed a strong expression level
of TMPRSS2 in lung tissue and cells derived from subsegmental bron-
chial branches, and smoking may be susceptible to COVID-19 by af-
fecting the expression of TMPRSS2.4748 |n addition, both our study
and previous studies believed that TMPRSS2 as a cancer suppressor
gene was significantly down-regulated in two types of tumour tis-
sues of LUAD and LUSC, the expression of TMPRSS2 have an impact
on the prognosis of lung cancer.*’ As for ovarian cancer, Huang et al.
observed the oncogenic gene fusion TMPRSS2: ERG has not been
present in ovarian cancer. Therefore, ERG cannot be used as a po-
tential diagnostic or prognostic indicator for ovarian cancer, unlike
prostate cancer.*® Unfortunately, there is little known on the prog-
nostic value and molecular mechanism of TMPRSS2 in ovarian can-
cer. In our analysis, we found that higher OS and DFS were indicated
in the low TMPRSS2 expression group of ovarian cancer relative to
the elevated expression group, based on DUKE-OC, GSE9891 and
GSE26712 dataset, but the specific mechanism needs further verifi-
cation and discussion in the future.

To better explore the internal connection of TMPRSS2, COVID-19
and tumour, we exploited GeneMANIA and STRING webserver
to predict the functional protein partners of TMPRSS2. A total of
27 genes or proteins were determined as gene and protein partners
of TMPRSS2, which might contribute to regulating the progression of
carcinoma mediated by TMPRSS2 and its survival rate. Then, the mu-
tations and CNAs were analysed in the 27 predicted protein-related
coding genes of TMPRSS2 via the cBioPortal database, the results
showed that these genes were altered in 38% (3225/10,953) queried
cancer patients. Furthermore, the association between TMPRSS2 ex-
pression and the level of immune infiltration was also determined;
our results indicated that an elevated level of TMPRSS2 was linked
with infiltration of immune cells in BRCA, COAD, LUAD and OV. The
underlined results showed similarity with the results of Luo et al.®?
which revealed that elevated expression levels of TMPRSS2 mRNA
were linked with an elevated immune infiltration in PRAD. Next, we
evaluated the genes associated with TMPRSS2 in several types of
cancer, that is, lung, breast, colorectal and ovarian cancer by using
the R2 platform. Our analysis has shown that 160 co-expressed dif-
ferential and positively correlated genes were found in the above
four common cancers. According to the pathway analysis, these
genes are significantly enriched in associated cascades including re-
spiratory system infection and tumour progression, especially the
multiple viral infection pathways and PI3K/AKT signalling pathways

are worthy of attention.

5 | CONCLUSIONS

In our study, the expression, promoter methylation, genetic varia-
tion, protein partners, associated genes, immune infiltration and
prognostic value of TMPRSS2 were systematically analysed in many
kinds of cancer in humans. These results indicated that TMPRSS2

expression was decreased in many tumour tissues distinctively and
was significantly related to the clinical outcomes in the brain, blood,
colorectal, breast, lung, soft tissue and ovarian cancer. The multi-
omics analysis also revealed the significance of TMPRSS2 expression
and possible cascades associated with TMPRSS2 in several kinds of
cancers (human) and progression of COVID-19. Hence, the under-
lined results may help to explore TMPRSS2 as an effective biomarker
and therapeutic target for many kinds of cancer in humans, and also
provide directions for the prevention of COVID-19 pandemic for

particular tumour patients.
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